Lettuce ( Lactau tiva L. cv Minetto) seeds were prmed in aerated solutios of 1% K3PO4 or water at 15C in the dark for various periods of time to determine the manner by which seed priming bypasses thermodormancy. Seeds which were not prmed did not germinate at 35°C, whereas the which were prime for 20 h in 1% K3PO4 or distilled H20 had up to 86% gIon. The rate of water uptake and respiration during primg were similar regadless of soak solution. Cell eion tio occurre in both water and 1% K3PO4 4 to 6 h prior to cell division. Depending on cultivar, thermodormancy in lettuce seeds may be induced when germination temperatures exceed 28C (1). Seed priming is an effective method to overcome this dormancy (3, 9). Seed priming consists of soaking seeds under conditions that allow the seeds to imbibe water and initiate germination, but which do not permit radicle protrusion through the seed coat (13). This generally includes the use of an osmoticum (-5 to -20 bars), such as a salt solution or PEG and low temperature. The duration of the soak is important in order to ensure that radicle protrusion through the seed coat does not occur. The seeds can then be dried and stored or planted with conventional equipment. The mechanism by which seed priming bypasses thermodormancy is not understood. Several other methods can circumvent thermodormancy including treatment with cytokinins (22), ethylene (18), inased 02 concentration (5), and by damaging or removing the endosperm layer (7, 14) . Ikuma and Thimann (14) proposed that the endosperm must be partially digested before radicle emergence would occur. Seveml researchers (15, 20, 21) showed that endosperm cells were extensively degraded as radicle growth began. Pavlista and Haber ' Florida Agricultural Experiment Station Journal Series No. 4935.
Respiration, radicle pt and cell division cotently occurred sooner in primd (redried) seeds compred to nonprmed seeds when they were imbibed at 25C. Cell division and elotio co after 10 h imbiion primed (redried) seeds Depending on cultivar, thermodormancy in lettuce seeds may be induced when germination temperatures exceed 28C (1) . Seed priming is an effective method to overcome this dormancy (3, 9) . Seed priming consists of soaking seeds under conditions that allow the seeds to imbibe water and initiate germination, but which do not permit radicle protrusion through the seed coat (13) . This generally includes the use of an osmoticum (-5 to -20 bars), such as a salt solution or PEG and low temperature. The duration of the soak is important in order to ensure that radicle protrusion through the seed coat does not occur. The seeds can then be dried and stored or planted with conventional equipment. The mechanism by which seed priming bypasses thermodormancy is not understood. Several other methods can circumvent thermodormancy including treatment with cytokinins (22) , ethylene (18) , inased 02 concentration (5), and by damaging or removing the endosperm layer (7, 14) .
Ikuma and Thimann (14) proposed that the endosperm must be partially digested before radicle emergence would occur. Seveml researchers (15, 20, 21) showed that endosperm cells were extensively degraded as radicle growth began. Pavlista and Haber ' Florida Agricultural Experiment Station Journal Series No. 4935. (19) postulated that the endosperm exerted a mechanical resistance to embryo expansion. However, Halmer et al. (12) reported that endosperm cell wall degradation is not a prerequisite for germination in lettuce. They based this opinion on the observation that an endosperm digestive enzyme, mannanase, was produced in quantity only after the radicle penetrated the endosperm layer.
Guedes et al. (10) enhancement ofgermination at high temperatures. The relationship of this 'loosening' to those processes leading up to radicle growth, i.e. imbibition, ration, cell elongation and cell division, has not been studied. The objective of these experiments was to ascertain the mechanism by which seed priming prevents the establishment of thermodormancy in lettuce.
MATERIALS AND METHODS
Seed Priming. Lettuce (Lactuca sativa L. cv Minetto) seeds were primed at 15C in the dark in aerated water or 1% K3PO4 for various durations. The seeds were placed in 200-mm test tubes with 20 ml of soak solution per g of seeds. After priming for the appropriate duration, the seeds were washed with 100 ml of glass disfilled H20 and surface moisture was removed by 2 to 3 min ofsuction. The seeds were dried at 5C and 45% RH, then stored under these conditions until used.
Germination throughout the paper is defined as visible radicle 
RESULTS AND DISCUSSION
The rates of water uptake in lettuce seeds which were primed at 1 5C in either water or 1% K3P04 were similar over a 40 h period (Fig. 1) . Respiration rates during the 9-h priming period also were similar in either water or 1% K3P04 (Fig. 2) (Fig. 3) . Lettuce seeds soaked in 1% K3P04 had 56% germination at 35C when primed for 9 h and 86% germination when primed for 20 h (data not presented). Seeds primed in water had slightly different germination percentages (64 and 71%, respectively, for 9 and 20 h of priming) than those primed in salt solution. Previous reports (3, 9) stated that extending the duration (24 h) of the priming process gave rise to a high incidence ofabnormal seedlings when the seeds were germinated at 35°C. It was speculated that abnormal seedlings were caused by the occurrence ofcell division during priming and consequent damage during drying of the seeds.
To determine when cell division and elongation commenced during priming, seeds were kept in the soak solution for periods up to 45 h. Radicle protrusion (germination) occurred at 21 h when lettuce seeds were primed in water and at 27 h when primed in 1% K3P04 (Fig. 4) . Radicle protrusion was clearly via cell elongation since cell division did not begin for 5 to 9 h after protrusion was observed (i.e. 27 h in water and 36 h in K3P04). These results agree with those of Haber and Luippold (1 1) who reported that radicle protrusion during germination was the result of cell expansion and that cell division virtually played no role in this process. Guedes and Cantliffe (9) observed that during drying oflettuce seeds at room temperature after priming there was a slow loss of water over a 3-to 4 h-period. Under the conditions ofthe present experiment, drying was at 5C, thus the process was probably slower than previously reported and the chance for irreversible cell elongation was improved. Additional experiments showed that germination at 35C was consistently higher, regardless of seed lot, if the soak duration in 1% K3P04 at 15C was extended to 20 h (3). Thus, from Figure 4 , cell elongation would be well underway at this time. Under the conditions of this experiment priming at 15C initiated cell elongation before cell division in the priming solution. Subsequently, after the seeds were primed for 9 h and then redried, it took 10 h of soaking at 25 or 35C before cell division commenced (Table I) . However, germination, as radicle protrusion, occurred before this (6 h at 25C, Fig. 5 ; and 9 h at 35°C, Fig. 6 ).
Respiration, measured as 02 uptake was rapid in primed and nonprimed seeds germinated at 25C (Fig. 5) ; however, the rate of02 uptake was continually higher throughout the germination period in primed seeds. Radicle protrusion (germination) in primed seeds occurred after 6 h imbibition, while it took slightly over 12 h in nonprimed seeds. Cell division at 25C commenced after 10 h imbibition in primed seeds and 12 h in nonprimed seeds (Table I) . Thus, at 25C cell elongation continued to precede cell division in primed seeds compared to nonprimed seeds.
At 35C nonprimed seeds did not germinate; however, radicle protrusion (germination) and cell division occurred after 10 h in primed seeds (Fig. 3, 6 , and Table I ). Respiration rates were high regardless of treatment; however, 02 uptake in primed seeds surpassed that which occurred in raw seeds (Fig. 6) . Thus, respiration did not appear to be hindered during high temperature stress. Cantliffe (2) reported that ATP production was not inhibited in 'Grand Rapids' lettuce at 35°C although no radicle protrusion (germination) occurred. Hence, it does not appear that altered respiratory rates led to thermodormancy, nor that seed priming markedly alters the pattern of respiration.
For radicle protrusion to occur, cell elongation must occur ( 11) and the protrusion process can go on without cell division. At threshold temperatures for thermodormancy, 28 to 30C, germination of 'New York' lettuce did not occur but cell division did (8, 11) . We did not find cell division to occur for periods up to 96 h in nonprimed 'Minetto' lettuce seeds germinated at 35°C (Table I and data not shown). Foard and Haber (8) did not observe any cell division in 'New York' lettuce seeds germinated at 40°C. Thus, this distinction between cell division and elongation could only be observed at the 'threshold' temperature.
Cell elongation in lettuce seeds is inhibited by high temperature (35C). For cell elongation to occur the osmotic potential of the radicle must be incrsed (17, 26) . This could be caused by an increased accumulation of free amino acids in the radicle tip as previously reported (23) (24) (25) . High temperature inhibits the accumulation of these free amino acids as does ABA (25) . Kinetin reverses the effects of ABA and high temperature on both ger-mination and amino acid accumulation (25) .
ABA inhibits protease activity and thus might prevent amino acid accumulation. Chandra and Toole (4) reported that esterase activity coincided with radicle protrusion and that esterase was inhibited by high temperature. Several researchers have reported that ABA levels in lettuce seeds were higher under conditions of high temperatures (16) . Possibly there is an interaction between esterase activity and ABA. Possibly the above processes are linked, and seed priming might initiate cell elongation (via amino acid accumulation at the radicle tip) so that high temperature could no longer inhibit germination thus circumventing thermodormancy.
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